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Public transport in rural and exurban areas faces major challenges, with low population densities making
it difﬁcult to provide high-quality, high-occupancy services. While demand-responsive transport is
sometimes prescribed as an innovative strategy for service provision, the network planning approach to
public transport suggests that integrated timed-transfer or pulse timetable networks should be explored
ﬁrst. This paper examines the rural network approach using examples from Switzerland, which has
among the highest rates of public transport use in Western Europe, as well as nationally-coordinated
Taktfahrplan scheduling that extends deep into rural areas. The basic Swiss pulse timetabling technique is
reviewed, along with the application of the approach to a remote rural case study in Graubünden’s Lower
Engadine and Val Müstair. Characteristics of pulse timetable networks and the wider rural network
approach are considered, drawing broad lessons for their potential application elsewhere.
& 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Despite widespread planning policies to contain urban sprawl
and promote compact cities, settlements in rural and exurban
areas continue to expand across the developed world. A European
Environment Agency report suggests that this growth is led by
desires for detached or semi-detached houses in “suburban/rural”
settings or “rural areas outside the city”, and ﬁnds that families
with small children are most likely to move to these areas (EEA,
2006, p. 20). In countries where detached housing is the norm
(such as Australia, the United States and Canada), scenic rural
areas also attract young families, retirees and others seeking life-
style changes and cheaper housing (Butt, 2014; Winterton and
Warburton, 2012, p. 329; Ghose, 2004).
Public transport in these areas is often poor, with services
characterized by low frequencies, limited hours of operation, in-
direct routes and inconsistent connections between modes (Pe-
tersen, 2012). Both residents and visitors arriving from nearby
cities have little choice but to drive, which further entrenches car
dependence and associated transport disadvantage, along withr Ltd. This is an open access articl
h at the former Australasian
nsport (GAMUT)—a Centre of
undations (VREF)—at the Fa-
ty of Melbourne.possible congestion, parking and other environmental problems
(Cullinane and Stokes, 1998, pp. 7–8). A lack of alternatives to the
car may, in particular, restrict older people’s access to health ser-
vices as well as to other activities necessary for social inclusion
(Ward et al., 2014).
With even lower population densities than suburban areas,
rural and exurban districts are considered some of the most
challenging environments for public transport provision, with
dispersed travel patterns and limited overall travel demand mak-
ing it difﬁcult to provide high-quality, high-occupancy public
transport (White, 2009, p. 164). According to Hickman and Ban-
ister (2014, p. 141), even “classic good practice examples such as
Freiburg, Strasbourg, Amsterdam and Zurich… are often sur-
rounded by relatively car dependent suburban and rural areas.”
Nevertheless, in considering strategies to reduce carbon dioxide
emissions from rural Oxfordshire, they propose upgrades for local
rail and bus, including new bus rapid transit lines, although how
these would address fundamental rural public transport problems
remains unclear (Hickman and Banister, 2014, pp. 163, 171).
In the face of such difﬁculties, proponents of ‘demand-re-
sponsive’ services have mounted the most signiﬁcant challenge to
conventional public transport. A 2008 report by the UK’s Com-
mission for Integrated Transport (‘CfIT’) calls for A New Approach to
Rural Transport, on the basis that the quality of public transport
outside large towns and cities in the UK is “patchy” and that ser-
vices are “infrequent, ﬁnish early in the evening and do not run at
all at weekends”(CfIT, 2008, p. 7). The report argues that the UK’se under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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demand-responsive transport, citing its use in the Netherlands and
Switzerland, and contends that this would provide better services
and achieve higher cost recovery (CfIT, 2008, p. 9).
Demand-responsive services usually use smaller vehicles (in-
cluding taxis) in place of conventional buses, while still charging
fares for each passenger, but vary the ﬁxed routes and/or time-
tables that deﬁne other forms of public transport (Davison et al.,
2014, p. 47). Some demand-responsive services are designed to
feed other public transport, while others operate entirely in-
dependently. They may offer cost reductions for operators when
replacing poorly-patronised conventional services, and typically
promise a ﬂexible service that can be tailored to different users’
needs.
However, some analysts of demand-responsive services advise
that ﬂexibility should be limited to avoid jeopardising operating
economics: they explain that collective modes work most efﬁ-
ciently when demand is concentrated, and that too much ﬂex-
ibility can fragment this demand (Enoch et al., 2006, p. 13). Despite
the success of some enduring examples, demand-responsive ser-
vices have often proven to be operationally complex and ex-
pensive, achieving vehicle occupancies little higher than taxis,
while being unable to guarantee access during peak times or make
reliable connections to other public transport (Enoch et al., 2006;
Davison et al., 2014; Mageean and Nelson, 2003). Potential users
are often unfamiliar with procedures adopted by individual
schemes, and booking requirements may hinder spontaneous
travel. Although there are often other institutional, legislative, and
funding-related barriers to the implementation or continued op-
eration of demand-responsive services (see Mulley et al., 2012),
these service-related issues help explain why so many rural de-
mand-responsive services do not progress beyond trials or niche
transport roles (such as serving people with mobility
impairments).
A more recent challenge to the focus on demand-responsive
services has come from the network planning approach (Mees,
2010; Nielsen et al., 2005; Thompson and Matoff, 2003). The
emphasis is on concepts that are the opposites of ﬂexibility: per-
manence, reliability and simplicity (Vuchic, 2005, p. 570). Carefully
planned, ﬁxed public transport routes are combined in a single,
stable network, bound together by opportunities for quick and
convenient transfers. In rural areas, high-frequency routes (en-
abling random, untimed transfers) are rarely an option, so services
must instead be timed to connect at selected hubs.
Such timed-transfer or ‘pulse’ networks operate in the suburbs
of some cities in the United States and Canada, as well as within
regions of German-speaking Europe (Vuchic, 2005, p. 224). Swit-
zerland, with Western Europe’s highest number of public trans-
port trips per capita (Pucher and Buehler, 2012, p. 543), provides
an obvious case for investigation, and is of particular interest be-
cause it provides a nation-wide pulse system that extends into
remote rural villages. While demand-responsive services still play
a role in many Swiss cantons, research for the CfIT shows very high
subsidies per passenger carried (Mott Macdonald Consultants,
2008, p. 23). Other preliminary work also suggests that cantons
making less extensive use of demand-responsive ‘PubliCar’ ser-
vices achieve higher canton-wide public transport mode shares
(Petersen and Mees, 2010).
This paper examines the rural network approach, as applied in
Switzerland, as a way of reducing car use and providing high-
quality public transport in rural and exurban areas. The context in
which it developed and the method by which it is planned are
brieﬂy explained, before its application to one of Switzerland’s
most remote rural regions, the Lower Engadine and Val Müstair in
the Canton of Graubünden, is explored. Characteristics of the pulse
timetable-based approach are also discussed, along with requiredpolicy and institutional settings.2. The network planning approach
In identifying the poor quality of public transport in the UK’s
rural areas, and calling for more taxi-based services, the CfIT re-
port (above) observes that “connections between buses and trains
are erratic, and examples of integrated ticketing are the exception
rather than the rule” (CfIT, 2008, p. 7). This suggests that planning
and institutional deﬁciencies are at least partly responsible for
rural public transport’s poor performance in the UK, although they
are not considered at any length in the report. Even Hickman and
Banister (2014, p. 172), who propose packages for upgrading
conventional bus and rail services in Oxfordshire, suggest better
network planning and integration only as a “supporting measure”.
Proponents of the network planning approach, in contrast,
would start by exploring the prospects for public transport service
coordination. The Australian transport academic Paul Mees de-
scribed how an integrated network could make high-quality, high-
occupancy public transport possible in low-density areas (Mees,
2000, 2010). When comparing Melbourne and Toronto, he found
that throughout Toronto’s inner and middle suburbs, a compre-
hensive grid of frequent public transport routes had been planned
to allow quick and convenient transfers wherever routes inter-
sected. This created a 'network effect', conveniently linking a far
greater proportion of passengers' origins and destinations than
isolated transport corridors, and overturned the typical assump-
tion that the costs of increased service would, as a rule, outweigh
the revenue from improved patronage.
The idea was also taken up by others (Nielsen et al., 2005;
Stone and Beza, 2014), or independently identiﬁed to explain the
better performance of ‘multi-destinational’ rather than traditional
radial transit networks in US cities (Thompson and Matoff, 2003;
Brown and Thompson, 2008). Nielsen et al. (2005, p. 35) also make
a useful distinction between a “tailor-made” approach, where
services are customised for particular market segments at differ-
ent times (e.g., peak-only expresses for CBD commuters), and the
“ready-made” approach favoured by network planning propo-
nents, where a catch-all service is provided using stable network
structures and services available all day. All authors recognise the
importance of carefully-planned route networks and convenient
transfers.
Beyond the suburbs, in low density rural or exurban areas,
services are invariably low frequency and must be timed to con-
nect to allow quick transfers between different routes. Nielsen
et al. (2005, pp. 116–119) recommend timed-transfer pulse time-
tables for “weaker” public transport markets, citing small cities in
Germany’s Nordrhein-Westfalen that restructured their bus net-
works and increased patronage, improved cost recovery and cut
subsidies per passenger. Mees (2000, p. 282; 2010, p. 179) also
suggests pulse networks, similar to those covering Zurich's sub-
urbs and parts of rural Switzerland, as a preferred approach for
rural and exurban areas.
2.1. The pulse timetable concept
The 'pulse timetable' or ‘timed-transfer system’ concept is not
new. Vuchic’s public transport textbook (2005, p. 224; see also
Vuchic et al., 1981) outlines the basic technique of timed-transfer
planning, noting that pulsing is also used by airlines at hubs,
where planes arrive at a central point simultaneously to allow
passengers to transfer in all directions, and that similar strategies
are often used by public transport systems that keep precise
schedules. Pulse timetables are used to serve the automobile-or-
iented suburbs of North American cities like Edmonton,
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services, where long headways (times between services) would
otherwise discourage passengers from making trips involving a
transfer.
Pulse timetabling is also used extensively within the intercity
and regional rail systems of Germany, the Netherlands and Swit-
zerland, with services that pulse at 15-, 30- or 60-minute intervals
(Vuchic, 2005, p. 224). These ‘integrated’ pulse networks contain
multiple pulse points across a wide region on which services si-
multaneously converge (one such pulse point is described by Apel
and Pharoah (1995, p. 143) at Wetzikon in suburban Zurich). Pulse
networks seem to allow high quality services in Swiss and German
cities to be extended to surrounding suburbs and exurban areas
(Pucher and Kurth, 1996; Mees, 2010, pp. 132–137), even if, as
Hickman & Banister note, rural mode shares remain lower than in
urban areas. Pucher and Buehler (2012, p. 558) describe the ap-
proach in many German regions as “state-wide coordination of
schedules”, backed by integrated fares and ticketing, and in-
corporating “full coordination of schedules and routes across
modes and operators”.
The concept behind railway pulse timetables is outlined in
more detail by Clever (1997), who also refers to the idea's German
name, the Integraler (integrated) Taktfahrplan. Taktfahrplan com-
bines the words Takt (musical beat) and Fahrplan (timetable), but
is without a direct equivalent in English, and so is often translated
as a ‘pulse timetable’ or ‘timed-transfer system’. Clever, while fo-
cussed on its application to rail, draws attention to the importance
of integrated regional networks, claiming that “passengers do not
get on board only a single line, but a whole system”. He even
proposes a sample bus stop sign that prominently displays a re-
peated hourly departure time.
Regional pulse networks in Europe are also the inspiration for
Cullinane and Stokes’s (1998, pp. 316–317) proposed “blueprint for
rural transport”, aimed at addressing the poor quality of the UK’s
rural public transport. In particular, they give the example of
Switzerland's timetable synchronisation at the national and local
level, with trains leaving major cities on the hour or half hour and
reaching their destinations in 25 or 55 min (depending on dis-
tance), “thus enabling interchange to be made reliably without the
use of timetables”.
Cullinane and Stokes (1998, pp. 309–310) propose a national
public transport network for the UK, which they say “does not
need to reach every village, hamlet, or suburb, but… does need to
allow travel between all centres of population of more than… say
5,000 people”. Trains and buses would be “integrated through a
common system of timetabling”, and run at least every half hour
between neighbouring towns of more than 20,000 people. Ser-
vices would use direct routes and “would not deviate off major
roads to serve minor settlements but would have feeder services
to the major roads”. However, Cullinane & Stokes provide little
further information about the institutions or planning frameworks
needed to bring about such a Swiss-style network; and the lack of
movement in the UK towards such an outcome suggests that
further investigation would be valuable.3. Network planning in Switzerland
Switzerland is often considered an exemplar of public transport
network planning. Although it is densely populated and wealthy,
its population density is similar to that of the United Kingdom, and
its high per capita income also permits higher car ownership rates
(Petersen, 2014; Swiss Federal Statistical Ofﬁce (SFSO) 2010, p.
529; Ofﬁce for National Statistics (ONS), 2001; SFSO, 2013, p. 22). It
is a particularly notable case because although much of con-
tinental Western Europe is associated with strong welfare states,Switzerland is economically liberal, low-taxing and cautious about
state intervention, such that its economic approach is sometimes
compared to ‘Anglo-Saxon’ nations (Leimgruber, 2008, pp. 4–10).
However, it may be prepared to spend more on rural public
transport due to the cultural importance of rural and mountain
villages, and a tradition of using subsidies which are “justiﬁed as
political acts of solidarity” to equalise service provision across
cantons (Linder, 2004, p. 17, 1994, pp. 14–15). Switzerland’s poli-
tical climate is also shaped by citizen-initiated referendums dis-
allowing (or proposing) major initiatives, which makes govern-
ments careful to cultivate broad support for new policy, and may
have also dissuaded policymakers from closing much of the very
dense network of Swiss railway lines.
It is in this context that the Swiss rural network approach de-
veloped. Its origins can be traced back to a crisis in the Swiss rail
industry in the late 1960 s caused by competition from the car
(Hürlimann, 2005). Three young ofﬁcers in the Swiss Federal
Railways (‘SBB’ in German) produced a report entitled ‘Taktfahr-
plan Switzerland: A new passenger rail concept’ (Berthouzoz et al.,
1972; title translated from German). The report identiﬁed an in-
adequate level of service, especially inconvenient timetables, as
one of the railways’ main weaknesses. In response, it proposed a
nation-wide, regular interval ‘pulse’ timetable: trains would de-
part every hour, serving every station at the same ‘minutes-past-
the-hour’ (for example, departures might occur at a particular
station at 7:42, 8:42, 9:42 etc.), with connections at major inter-
change or ‘pulse’ points. The idea slowly permeated the SBB bu-
reaucracy and culminated in the implementation of the ﬁrst na-
tional pulse timetable on routes between major cities in 1982.
Around the same time, another SBB proposal to make rail travel
faster and more competitive with the car was foundering
(Hürlimann, 2005). Released in 1977, and inspired by examples
from Japan and Germany, the plan aimed to upgrade lines at the
core of the network (between Bern, Basel and Zurich) for high
speed trains. However, the ﬁrst section of line between Bern and
Olten was rejected by the federal parliament after being presented
to the public in 1983. It faced strong opposition from rural land-
holders affected by new rail alignments, as well as from smaller
towns that were concerned about being bypassed for larger cities.
A shocked SBB regrouped and responded with a proposal to win
over the general public and smaller settlements.
‘Rail 2000′ promised half-hourly rail services between major
cities, and hourly services on most other rail and regional bus lines
throughout Switzerland, including rural areas. Rather than focus-
ing on speed for its own sake, infrastructure upgrades were fo-
cused on speeding up trains to meet ‘the pulse’, which was re-
ﬂected in the Rail 2000 slogan: “not as fast as possible, but as quick
as necessary” (Hürlimann, 2005).
The Rail 2000 plan was approved by referendum in 1987 by 57
per cent of participating voters, and its success in winning public
support seemed to energise Swiss public transport planning.
While the policy has since undergone revisions—including the
transfer of some decision-making responsibilities to the cantons—
in rural areas, the widespread expectation of hourly services up to
eighteen hours a day endures (Petersen, 2012). The system is
supported by federal funding to the cantons for rural routes ser-
ving localities with no fewer than 100 permanent residents.
A year after Rail 2000 was approved, transport planners for the
Canton of Zürich (which covers the City of Zürich and its sur-
rounding suburban and rural commuter areas) used a similar
service approach to gain the support of rural municipalities for a
new Zürich Transport Federation (Zürcher Verkehrsverbund or
‘ZVV’) (Petersen, 2014). The ZVV was to bring together existing
public operators, creating a new suburban and regional rail (S-
Bahn) system, coordinating bus connections, and integrating fares
by collecting and distributing revenue between operators
Fig. 1. Pulse and meeting points along an hourly pulse network’s corridor. (Source:
Author).
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subsidy arrangements dividing costs between the Canton and its
constituent municipalities. As a result, the proposal included ser-
vice standards to connect every main village within each of the
Canton’s 171 municipalities—a signiﬁcant number of which were
semi-rural or rural—to basic hourly bus or rail routes (R. Berg-
maier, personal communication, September 8, 2008). This pro-
mised to signiﬁcantly expand the transport network: not only did
many municipalities have poor service levels, but as late as 1982,
at least thirteen across the Canton were without any public
transport at all.
With the ongoing commitment of a longstanding centre-right
transport minister, a referendum to establish the ZVV was passed
in 1988 with a 56.6 per cent majority (CZSO, n.d.). Within four
years of the S-Bahn’s opening, rail patronage had jumped to 129
per cent of the previous system’s ﬁgure. A similar, service-standard
based approach has also been applied in some other Swiss can-
tons, including largely rural Graubünden (see below).4. Integrated pulse timetable planning technique
The integrated pulse timetable in Switzerland is planned
around the national rail network. Hourly or half-hourly long dis-
tance trains come together (or 'pulse') on the hour and half-hour
at the network’s core stations of Zurich, Basel, and Bern. A similar
approach is applied at designated pulse points on local and re-
gional rail networks throughout the country: buses and trains
arrive before the pulse time, wait a short time to allow passengers
to change between services, and then depart. The pattern repeats
every hour (or half hour), and as a result, trains also depart all
intermediate stations at repeated times every hour.
The public transport planner responsible for redesigning the
ZVV's regional bus network, Dr Rolf Bergmaier—also closely in-
volved in Rail 2000 and the redesign of Graubünden’s network
(see below)—explains that the planning process for a Swiss style
pulse network begins by setting a standard service headway based
on expected patronage levels (R. Bergmaier, personal commu-
nication, September 8, 2008; Petersen, 2014). This echoes the
advice of Vuchic et al. (1981, p. 43), who state that the choice of a
headway is “the most important operational decision” in any pulse
system, because schedules and network design are inter-
dependent. For example, to make efﬁcient use of vehicle and dri-
ver time, a bus serving a pulse point should be able to complete its
route and return just in time for another pulse, whether this is
each consecutive pulse, or every second pulse, etc. As passenger
demand is only one factor in selecting a headway, Vuchic (2005, p.
232) suggests that a pulse headway of either 15 or 20 min be
chosen, depending on which better ﬁts the travel times of an ex-
isting system’s routes.
But the Swiss generally choose standard headways of 15, 30 or
60 min, regardless of existing routes, as these offer the greatest
ﬂexibility to adjust service levels across a national network (R.
Bergmaier, personal communication, September 8, 2008). Service
levels can be doubled or halved whilst keeping the same network
structure and maintaining easily memorable ‘clock-face’ de-
partures (i.e. departures at regular intervals, repeating every hour).
Twenty-minute headways are usually avoided: if service levels had
to be reduced at quiet times of day, the next step to 40-minute
headways would result in departures at non-clock-face times (e.g.
9:00, 9:40, 10:20 and 11:00). Alternatively, reducing service fre-
quencies from every 20 to every 30 min would necessitate a
complete network re-design.
In rural or exurban areas, passenger demand is usually low, so
Bergmaier suggests that the only economically-supportable clock-
face headways are usually 30 or 60 min (which also match thetypical headways for trains between Swiss cities). Swiss rural pulse
networks are therefore designed to operate at an hourly frequency.
If required, extra services can then be added on the half hour (or
even the quarter hour) without disturbing the base service pat-
terns or network structure.
When planning the location of pulse points, the Swiss start by
assuming a one-hour headway and identify major travel corridors
radiating from a central pulse point (R. Bergmaier, personal com-
munication, September 8, 2008). Zurich's main station is used as
that point, although it need not always be a region's largest city
(Foster and Stähli, 1982, p. 220). Each corridor extending from the
central point is then examined to identify an important place that
vehicles will reach in just under an hour's travel time (often
around 55 min, allowing time for vehicles to converge and pas-
sengers to transfer). A major station or stop would make an ideal
next pulse point, because hourly services travelling simultaneously
in opposite directions to or from the central pulse point will al-
ways meet at that location. At the halfway point, just under 30
minutes’ travel time from the central pulse point, services will also
pass each other at a 'meeting point' (see Fig. 1). (If hourly services
were ever doubled to half-hourly, there would be two additional
meeting points at just under 15 and 45 minutes’ travel time from
the central pulse point).
Like pulse points, meeting points are ideal transfer points for
local feeder services. These feeders, often buses, typically arrive at
the meeting points before the main line corridor services arrive.
The main line services stop just long enough to set down and pick
up passengers, before departing again, and the feeders leave sev-
eral minutes after. This allows efﬁcient use of feeder bus and driver
time, by taking passengers to and from main line services in both
directions using only one return journey, and also minimising
passengers’ waiting time. Passengers can also change between
different feeders where they converge on the main line.
The same feeder services can also cater for local trips, so it is
best if the pulse or meeting points occur at the most important
destinations along the corridor. It may be possible to speed up (or
slow down) trains in order to align pulse or meeting points with
major towns (R. Bergmaier, personal communication, September 8,
2008). Trains or buses might also use express or stopping service
patterns, and buses might take an alternate route. Where inter-
change locations cannot be aligned with meeting or pulse points,
feeders may only be able to provide quick, timed transfers in one
travel direction. While often unavoidable, this is less desirable, as a
feeder bus trying to serve travel in both directions would need to
wait longer for the second main line service to arrive, meaning
delays for some passengers, as well as reducing the time that
would otherwise be available for the feeder to complete its own
route.
Feeders are generally planned to match the frequency and
operational hours of main line corridors so that connections con-
tinue to work throughout the day and evening, although this
standard may be relaxed for remote rural feeder buses at the
periphery of the network. A rural pulse network could also run
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every odd or every even hour (depending on stop location).
However, there would be fewer potential locations for efﬁcient
transfers between services, as each pulse and meeting point would
be just under 60 (rather than 30) minutes' travel time apart. Per-
haps more importantly, the Swiss experience was that two-hourly
services were less likely to be used for short distance trips, or by
occasional users, as the longer gaps between services were not as
convenient for local travel (R. Bergmaier, personal communication,
October 3, 2008).5. Rural and exurban pulse networks in practice
The rural network approach, using an integrated pulse time-
table as its central feature, is applied across rural and exurban
Switzerland. The ZVV provides a model for exurban services in the
Canton of Zurich’s most extensive semi-rural district, the Zurich
Weinland (Petersen, 2014). The Weinland, located between the
small cities of Winterthur and Schaffhausen, is relatively ﬂat (by
Swiss standards), with multiple small villages interspersed
through 175 square kilometres of otherwise rural land. It has a
regional population density of 1.6 persons per hectare (“p/ha”),
while the Weinland’s villages themselves have an urban density of
approximately 15.8 p/ha (SFSO, 1992/1997) similar to many North
American or Australian suburbs. Although the region might be
expected to be completely car dependent, its public transport is
able to support a journey to work mode share of 21.7% (SFSO,
2000; note that this was Switzerland’s last traditional census with
detailed ﬁgures for particular rural regions). While this is lower
than in nearby cities, it is more than double that of the UK’s South
Oxfordshire, part of the county considered by Hickman and Ban-
ister (2014). South Oxfordshire lies within a semi-rural commuter
belt between Reading and Oxford, and has a population density of
1.9 p/ha, but only 8.1% of journeys to work by public transport
(ONS, 2001).
A key reason for the Weinland’s result is its high quality of
public transport services: the region receives hourly (or twice-
hourly) train and bus services between 6 am and midnight, with
after-midnight services operating on weekends (see Petersen,
2014; Petersen and Mees, 2010). Trains run a basic all day service
pattern—departing stations every hour at the same minutes-past-
the-hour from ﬁrst to last service—with additional peak trains
slotted in-between. The simplicity of the service allows each
timetable to be presented on a fraction of a page. Usage rates re-
main high even in villages that are not directly served by rail:
short, direct feeder bus routes extend the rail catchment by
making timed connections to trains, with many buses terminating
at stations at both ends of their routes.
5.1. The Lower Engadine and Val Müstair
Much the same approach is used at the opposite end of the
Swiss rural spectrum, in the remote and mountainous south-east
of the country (Petersen, 2014; Petersen and Mees, 2010). The
Lower Engadine valley and Val Müstair are two perpendicular
mountain valleys at the eastern extremity of the Canton of Grau-
bünden, bordering Austria and Italy. The valleys (henceforth both
referred to as ‘the Lower Engadine’) are approximately 100 kilo-
metres by road in total length, including a national park in be-
tween (see Fig. 2). Together, they have fewer than nine thousand
residents (excluding tourists) and a gross regional population
density of only 0.07 p/ha (SFSO, 2000 census). The surrounding
mountains concentrate settlement in the middle of the valleys, of
which the ‘habitable area’ population density can be estimated as
0.75 p/ha, while the average urban density of the villages is 8.5 p/ha (Petersen, 2012). Although the villages are typically compact
and walkable, the region is one of the least densely populated
parts of Graubünden, which is itself Switzerland’s least densely
populated canton.
Unlike the Weinland, the Lower Engadine has no large cities
within commuting distance; residents’ travel is predominantly
local, between villages and the region’s largest towns of Scuol
(population 2000) and Zernez (population 1000). Nevertheless,
10.5 per cent of residents who travel to work do so by public
transport, a ﬁgure still higher than South Oxfordshire and higher
than many mid-sized American and Australian cities (Mees, 2010,
pp. 60–61). The region’s public transport system must also serve
many visitors making longer journeys to the region from central
Switzerland, as well as travelling locally within the region: for
example, tourists account for the majority of rail passengers in the
peak tourist seasons (M. Leuthold, personal communication, Sep-
tember 29, 2008). Services are particularly well used by those
walking in the mountains in summer and skiing in winter, as they
allow people to be dropped off at one point and picked up at
another (extensive directional signage, with walking journey times
included, also helps walkers plan their trips).
Despite these complex travel patterns, the usual pulse time-
table concept is applied: a base network of hourly services de-
parting at repeating times, with operating hours (largely) shared
between routes. Short bus feeders are also designed to concentrate
passengers on main line rail and bus services. The diverse travel
patterns of visitors and local residents help to spread patronage
across services.
The region is connected to the rail network, although the rail-
way terminates at Scuol (see Fig. 3), leaving buses to serve a main
line function in the eastern remainder of the Lower Engadine
valley and through the Val Müstair. Two trains service the Scuol
terminus, one from Graubünden’s capital Chur, via Davos (also
connecting to services from central Switzerland), and the other
from near St. Moritz, each operating hourly until midnight. Oper-
ating hours for buses are typically shorter than in Canton Zürich,
covering a 12–14-h span between 6am and 7–8 pm. Even though
the valleys are linear, the villages are often higher up the sides of
the valley than the main road or railway line, and attempts to
serve them with one route would have made travel times un-
competitive with the journey by car (Petersen, 2014). Instead,
passengers must transfer to village feeder services from the main
valley lines. Where possible, feeders match the main lines’ fre-
quency and operating hours. Urban development is generally
considered to be within the service coverage area where it is
within a 300–400 m radius of bus stops or a 750 m radius of sta-
tions, although bus stops within villages may be as close as 200 m
apart (K. Willi, personal communication, September 23, 2008).
The main valley lines run hourly, with half-hourly bus services
operating at peak times in some of the villages immediately sur-
rounding Scuol, and lower service levels for the most remote vil-
lages. The more remote ski resort of Samnaun also receives buses
only every two hours, and in winter the villages of the Val Müstair
have their services through the national park to Zernez reduced to
running every one to two hours. Additional circuit buses run
within Scuol and Samnaun, as often as every 15 min in winter,
funded by the municipalities and tourist boards. Summer-only
services funded by special tourist fares also run to the seasonally-
inhabited village of S-charl, and to the Stelvio Pass.
Cantonal regulations relax Rail 2000′s effective standard of 18
return services per day, stipulating the minimum (and maximum)
number of subsidised daily return services to connect groups of
settlements to the public transport network, based on population
densities (Canton of Graubünden, law nos. 872.100, 872.150).
While not ideal from a network point of view, this does allow
some very small villages to receive a service that they otherwise
Fig. 2. The Lower Engadine (Engiadina Bassa) and Val Müstair and immediate surrounds. (Reproduced in Transport Policy by permission of Swisstopo (BA16064)).
T. Petersen / Transport Policy 52 (2016) 175–185180could not support. For example, Lü (population 62) is provided
with six return buses per day, plus two additional services in
summer (Petersen, 2014). Wherever a route runs a reduced
timetable, it will always run on the hour to connect with other
trains or buses at a transfer point, but it may ‘skip’ some hours at
the quietest times of day, usually the mid-morning and earlyafternoon. Breaks at these times may also allow services to be
provided by a single bus and driver, as occurs for the short minibus
route connecting the village of Guarda and its railway station.
Highly structured demand-responsive services also operate in
the region, including bus-taxis to the villages around Scuol (Pe-
tersen, 2014). Private taxi businesses are contracted to run these
Fig. 3. Public transport network (bus and rail) in the Lower Engadine and Val Müstair, 2015 – not to scale. (Source: PostAuto; reproduced with permission).
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night when patronage is intermittent. They use the same bus
stops, but charge a late evening fare surcharge. Bus-taxis always
wait at the main station for any passengers that might be arriving
by train, but anybody wanting to be picked up elsewhere must
book by calling the driver’s mobile phone at least 30 min before
travel (or the bus-taxis may not leave the station at all). Subsidies
are minimised by using smaller vehicles to save on fuel, applying a
late-evening fare surcharge, and paying drivers a reduced rate in
the expectation that they will spend a longer time standing by (K.
Willi, personal communication, May 25, 2010). Until recently,
there was only one all-day demand-responsive route in the region,
running between the small village of Brail and its nearest ad-
ministrative town, Zernez, which supplemented the village's
conventional bus to towns in the opposite direction. It mainly
served school children, but ran up to eight ﬁxed-timetable return
trips a day when booked an hour in advance, and had the lowest
use of any route in the region (an average of 24 passengers per day
in 2007) (PostAuto internal ﬁgures). In 2012, this was replaced
with an extension of the conventional bus, demonstrating that
structured demand-responsive transport can be used as a pilot for
pulse-timetabled conventional services.
The overall effect of the Lower Engadine’s coordinated network
is that passengers can navigate the system’s main lines throughout
daylight hours without consulting a timetable. Users only need to
know the ‘minutes-past-the-hour’ that a service departs from their
local stop, and once having boarded are offered quick connections
to almost any destination across the regional (and national) public
transport network. Visitors arriving in the region by train will also
typically ﬁnd their local bus connection waiting at the station.
The network throughout Graubünden is planned through a
small cantonal government ofﬁce (Amt für Energie und Verkehr or
‘AEV’ in German), which works in close cooperation with majority
government-owned rail (Rhätische Bahn or ‘RhB’) and bus (Post-
Auto) operators. The AEV has ultimate control over ensuring the
provision of an interconnecting, canton-wide network with in-
tegrated fares (i.e., allowing a combined bus and rail journey on a
single ticket). However, Graubünden’s operators are more in-
dependent than those in a ZVV-style transport federation, retain-
ing their own brands and marketing and customer information
functions, including their own network maps and timetables.
Nevertheless, each has a clearly deﬁned role in the network, with
buses generally acting as rail feeders, and timetable planning fol-
lows a hierarchical order from national rail, to regional rail and
then local bus services. At yearly timetable conferences, RhB and
PostAuto each make offers to run each of their lines at the service
levels that the AEV speciﬁes (giving forecast costs, along with
predicted patronage and revenue), and the AEV then decides what
services it can subsidise from its budget (M. Leuthold, personal
communication, September 29, 2008).
The busiest main line bus routes have high average boardings,
for example 989 trips per day between Scuol and one of its larger
nearby villages, Sent (PostAuto internal ﬁgures, 2007; Petersen,
2014). This is approximately 23 boardings per scheduled service,
although this may be overstated due to additional ‘shadow buses’
being run to add capacity at the busiest times (Petersen, 2012). Full
size buses are generally used to allow services to cope with daily
patronage ﬂuctuations, although smaller vehicles are used on
short feeder routes to the smallest villages where passenger
numbers are consistently lower. Little information is publicly
available on passenger transfers, partly reﬂecting the widespread
use of travel passes rather than individual tickets, although pas-
senger movement patterns can sometimes be inferred from gen-
eral patronage ﬁgures. For example, total rail patronage to the
region is only equivalent to one of the major bus routes, which
appears to show mainly local travel on the transport network (RhBinternal ﬁgures, 2007). Nevertheless, connections to rail routes are
critical to provide links to other regions for tourists, and to serve
residents making occasional longer trips.
Canton-wide, fares cover 35 per cent of operating costs for
PostAuto, Graubünden’s rural bus operator (W. Glünkin, personal
communication, January 28, 2010), and 62 per cent for the can-
ton’s passenger rail operations (RhB, 2010). However, the total
federal and cantonal subsidy per Graubünden resident for bus and
rail operations is high: CHF 631 (Swiss francs) per person, 69 per
cent of which is paid by the Swiss Federal Government (AEV in-
ternal ﬁgures 2009; Petersen, 2012). This is approximately double
the subsidy per resident in more urban cantons (such as Zürich),
indicating the Federal Government’s willingness to subsidise rural
transport services, and thereby give residents an equivalent level
of access (much like health or telecommunications services), as
well as support regional development and tourism. Nevertheless,
the high usage means a relatively low subsidy per passenger (CHF
4.33), and it should be noted that there are no separate school bus
systems or senior citizen travel concessions to be funded (see
below).
The Lower Engadine demonstrates that a pulse timetable-based
approach can deliver a viable, high-quality, ﬁxed public transport
network in a region with very low population densities. The con-
venience and ready legibility of repeating departures and planned
connections are attractive to both tourists and a signiﬁcant num-
ber of local residents, whose services beneﬁt from tourist demand.
The approach also shows sufﬁcient ﬂexibility to accommodate
peak demands and seasonal routes, whilst also providing a
structure for incorporating demand-responsive services.6. Characteristics of integrated pulse networks
A central plank of the rural network approach applied in
Graubünden and other Swiss regions is the integrated pulse
timetable, and this section brieﬂy outlines many of its technical
characteristics, advantages and disadvantages (see also Clever,
1997, pp. 109–112).
As an integrated pulse system must connect to major destina-
tions to be fully effective, passenger rail—often the fastest and
highest-capacity form of public transport—will usually form the
network’s backbone. Railways should offer regular departures
from stations at repeating ‘minutes-past-the-hour’, ideally across
the entire rail network. At central city stations, the physical space
required for all vehicles to simultaneously converge for the pulse
may make implementing a system-wide pulse timetable difﬁcult,
at least in the short- to medium-term.
An integrated pulse timetable is ideal for situations where
trafﬁc ﬂows are dispersed across a network 'without clear prio-
rities', such as between the group of cities at the core of the Swiss
rail network (Bern, Basel and Zurich) (U. Weidmann, personal
communication, September 12, 2008). Even in decentralised
Switzerland, however, there are dominant passenger ﬂows to and
from the larger cities. Where ﬂows are uneven, an integrated pulse
timetable will provide more services or capacity than strictly re-
quired in some travel directions at some times, but the beneﬁt is
an ability to serve all-day, multi-directional travel.
The pulse timetable’s repetition is attractive to rail planners
because it allows the same basic timetable to be applied every
hour. Additional tracks or passing loops can be built on rural rail
lines precisely where needed (F. Laube, personal communication,
September 10, 2008). Planners can also use the stable timetable
structure to prioritise investment in new infrastructure: for ex-
ample, speeding up travel times to allow trains to arrive for an
hourly pulse, and thereby reducing the number of vehicles and
drivers required to operate the service. Local bus operations also
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departures in which to complete their routes. As in most devel-
oped countries, where the largest transport running cost is labour,
maximum use can be extracted from each vehicle and driver's
time, even by extending routes to use up spare time (Ibid.).
Peaks are treated as anomalies from the norm, when capacity is
added to cope with passenger numbers (Canton of Zürich, reg-
ulation no. 740.3, cl. 2). Sometimes this capacity is in the form of
additional peak services inserted between regular services with-
out disrupting their normal pattern; alternatively, additional train
carriages or ‘shadow’ trains or buses may be run just before
scheduled services. Trains and buses might therefore run less
frequently at some times and on some routes than if headways
were ﬁne-tuned to travel demand. Off-peak services may also run
slower than necessary, in order to keep timetables consistent
across the day, although this can give planners added weight to
pursue measures (like on-road priority) that reduce peak travel
times.
Planners must be careful when setting basic service fre-
quencies, as the interconnected network makes it difﬁcult to cut
back services if patronage is found to be 'too low' (U. Weidmann,
personal communication, September 12, 2008). This is mainly an
issue in the network core, as isolated peripheral services can be
cut (or replaced by demand-responsive routes) with less effect on
connectivity. Any network-wide service upgrades must also be
done in large steps: for example, moving from 60- to 30-min
headways doubles the quantity of services. This may cause large
reductions in vehicle occupancy if planners are too optimistic
about passengers responding to service improvements by travel-
ling more (Clever, 1997).
Punctuality is crucial for pulse networks, as breakdowns in
connections between services can cause major disruptions and a
loss of passenger conﬁdence in the system. While the Swiss are
renowned for their timekeeping, they also employ practical stra-
tegies to make the outcome more likely. Due to the pulse time-
table’s repetition, detailed contingency and recovery plans can be
prepared for a variety of possible problems in a single hour of rail
operations, and then applied across the day (Tzieropoulos et al.,
2010, pp. 8–10).
Additional time is also provided at the end of each route to
allow late running services to get back on schedule. For trains, this
recovery time ranges from about 4 per cent of travel time at the
system’s core to a maximum 12 per cent at the periphery (F. Laube,
personal communication, October 13, 2008). Bus routes are gen-
erally kept short to act as feeders to rail, while on longer distance
rural bus routes, buffer times at critical points also allow operators
to recover from on-road congestion. Where trains are late, bus
drivers are given clear instructions on how long they can wait for
late trains, and if an operator fails to make the last connection for
the day, they must compensate passengers by paying for a night’s
accommodation or a taxi to their destination (F. Laube, personal
communication, September 10, 2008).
Overall, operators are placed under increased pressure, as strict
clock-face timetabling requires that peak and off-peak schedules
stay almost identical. This, for example, prevents operators from
making adjustments to the running times of all-day services at
peak times to allow for increased boardings or road (or rail net-
work) congestion. While the concept of clock-face timetabling is
well-known among transport planners, its less-than-systematic
application in many rail systems suggests signiﬁcant institutional
resistance to its implementation. Tzieropoulos et al. (2010, p. 10)
from the Federal Polytechnic University of Lausanne explain that
for “less disciplined train operators, running according to regular-
interval [let alone integrated pulse] timetables constitutes a real
challenge. Success calls for dramatic changes in company men-
tality and culture.”7. Policy settings to support a rural network approach
The experience of the Swiss case studies discussed indicates
that successful implementation of the rural network approach
requires particular institutional and policy settings.
Strong service standards are crucial to support the hourly ser-
vice frequencies that structure the Swiss integrated pulse network
and allow passengers to navigate much of the rural network
without consulting timetables. In Switzerland, these standards
were attained through the interaction of planners, politicians and
the public, and their simplicity gives them the advantage of being
readily understood by both citizens and policymakers. (Minimum
service standards may also form a stable basis for the provision of
demand-responsive services, allowing them to substitute for ﬁxed
routes when patronage is low). The use of standards-based, reg-
ular-interval services is also a form of ‘supply-oriented’ planning,
the proactive raising of public transport supply to levels “higher
than technically needed” to develop public transport demand
(Tzieropoulos et al., 2010, p. 11). This means that service levels
“remain relatively high, even in off-peak periods… [the] idea is to
send the message to transport users that public transport is ‘there
and available’ at any time, much like the private car”. Tzieropoulos
et al., (2010) argue that the approach works best when combined
with policies to manage demand for car travel.
Increases in operational funding are likely to be needed to run
comprehensive, all-day pulse services compared to pre-existing
irregular service patterns, even if, as in Switzerland, operators are
often able to provide pulse services using the same number of
vehicles (Petersen, 2012; F. Laube, personal communication, Sep-
tember 20, 2008). As in Graubünden, recognition of a high-quality
public transport system’s beneﬁts for rural tourism, and high cost
recovery and usage levels, are also likely to assist the funding case.
School transport functions should also be integrated into the
regular public transport system, rather than providing school-only
services, to maximise its use and reduce duplication. An accessible
ﬁxed network can also be used to serve many people with special
mobility needs, including older people and people with dis-
abilities, in conjunction with taxis for parts of journeys (as in the
ZVV service region).
A multi-modal fare system (which allows transfers without
penalties) is required to support a network that relies on transfers.
A large pool of passengers with long-term (heavily discounted)
travel passes is also an advantage: Swiss rural services carry sig-
niﬁcant numbers of pass holders, including many retirees who
take leisure or tourist trips to the countryside, and thereby help to
ﬁll middle-of-the-day services. Further travel pass discounts are
available to senior citizens and young people. Children pay half
price single fares, and regular users of any age can purchase a ‘half
fare’ card for an upfront fee (CHF 185 in 2016) to entitle them to
the same discount. The focus on travel passes and half-fare cards is
intended to encourage customer loyalty and mirror the greater up-
front costs of car ownership and use.
Providing multi-modal fares and an integrated pulse timetable
requires differential subsidies between services that are typically
run by different operators (bus and rail, or different routes of the
same mode); therefore, a strong central agency with the ability to
direct operators and control resource allocation is needed. The
agency must have the powers to direct timetable planning in the
interests of the wider network (where a particular action may not
be in the interest of the operator) and to distribute resources from
a central subsidy pool to ensure consistent levels of service across
routes of varying patronage. State ownership of operators and
close oversight of operating costs and revenue (as in Switzerland)
may also reduce concerns about potentially over-compensating
operators.
The Swiss case seems to demonstrate the “multi-modal
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mainland Europe, in contrast to the deregulated, “on-the-road
competition between transport operators” practiced in the UK.
One notable UK attempt at coordinating ﬁxed route buses run by
various operators, along with more highly-subsidised demand-
responsive services, is organised by the Lincolnshire County
Council under the brand names ‘InterConnect’ and ‘Call Connect’.
However, outside the core routes between towns (whose popu-
lations are many times larger than those in the Lower Engadine),
service levels are highly variable and seven-day-a-week operation
rare. Passengers continue to report frustration with mobility op-
tions (see e.g., Ward et al., 2014), and Mees (2010, p. 178) criticises
poor connections between services, as well as the deregulation
policy that makes formal network planning “illegal”. As such, UK-
style deregulation, and probably also rail franchising, would di-
rectly conﬂict with the central timetable planning and cross-sub-
sidies required for a Swiss-style network. This may be one reason
why pulse timetable systems are yet to be implemented in the UK,
despite its dense rural settlement and often highly tourist-or-
iented rural areas.8. Conclusion
The pulse timetable-based rural network approach allows
conventional public transport to provide a high-quality alternative
to car travel, capable of attracting a signiﬁcant share of travellers
in an afﬂuent society. Its regular, ﬁxed-route services provide a
stable basis for transport service planning, as well as for any
transit-oriented land-use planning measures that might be adop-
ted by rural settlements. It also seems likely to provide an efﬁcient
model of general transport service for ageing populations, and one
that could be easily scaled-up to deal with greater passenger
numbers, if ever required for environmental or other reasons.
Graubünden’s Lower Engadine demonstrates that even in rural
regions with very low population densities—especially where
settlements are concentrated along corridors—pulse timetable-
based networks can operate with more than adequate levels of
cost recovery and vehicle occupancy. In particular, tourist-oriented
rural regions can use pulse networks to take advantage of in-
dependent tourist travel and provide higher quality services to
their own residents. When (or where) there are fewer travellers,
ﬁxed-route demand-responsive services, like the Lower Engadine’s
taxi-buses, can be used to save on fuel and pay drivers a lower
stand-by rate.
Rural pulse networks can also work in regions with ﬂatter to-
pography, such as between the scattered villages of the Zurich
Weinland, although routes will often need to be structured to fa-
vour timed connections to a predominant travel corridor (usually
between the two nearest towns or cities). Networks are likely to be
most efﬁcient where rural development is compact (but not ne-
cessarily high density) and clustered within walking distance of
potential stops on direct routes. In cases where dispersed housing
cannot be brought within walking distance of a single direct ﬁxed
route, and planners judge that two or more ﬁxed routes cannot be
justiﬁed, corridor-based demand-responsive services should be
considered. However, these may also bring some disadvantages,
such as an inability to guarantee passengers a service at peak
times.
Overall, there are likely to be opportunities to apply the rural
network approach more widely across the rural areas of other
densely-populated developed countries, especially in Europe. The
model could even be used in the more densely-populated rural or
exurban regions of North America and Australasia, although it is
unlikely to be able to serve large, isolated rural housing lots, and
rural usage rates may reﬂect generally lower levels of urban publictransport use (Petersen, 2012). As elsewhere, patronage is likely to
be higher when rural systems are effectively connected to high-
quality metropolitan public transport.
The Swiss example shows that delivering services through an
integrated pulse network requires central planning through public
agencies, incorporating hierarchical timetabling processes and
cross-subsidies for routes with lower levels of cost recovery. Total
subsidies per resident may be high, but low subsidies per pas-
senger and high cost recovery (for a rural network) suggest good
value-for-money. To make similar rural transport networks pos-
sible elsewhere, these features may require a re-think of transport
policy goals, institutional arrangements and funding levels; and
notably in the UK, the overturn of deregulation policy.
While the rural network approach makes space for structured
demand-responsive transport, its focus is squarely on providing
ﬁxed-route, pulse-timetabled services, which it seems to be able to
push deep into rural areas. While there will often be important
roles for more ﬂexible demand-responsive services, the rural pulse
network and widespread demand-responsive models represent
opposite approaches to transport planning: the ‘inﬂexible’ routes
and timetables of the network approach are not tailored to in-
dividual travellers' needs, but planned as a standardised, 'catch-all'
service. The rural network approach therefore challenges propo-
nents of extensive demand-responsive transport, as well as con-
ventional public transport planners, who have often overlooked
a model of service delivery that in many cases offers clear
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